Summary.-To identify risk factors for various cervical abnormalities, 237 women with abnormal cervical smears and 422 control women were interviewed. Cervical biopsy specimens taken from the patients with abnormal smears were reviewed according to standard criteria by one pathologist and classified as follows: 65 carcinoma in situ, 81 severe dysplasia, 44 mild dysplasia and 47 normal histology. Factors associated with risk of mild dysplasia, severe dysplasia and carcinoma in situ were similar to those previously identified for invasive carcinoma, and included age at first intercourse, multiple sexual partners and pregnancy outside marriage. Analysis to disentangle correlated factors revealed that number of sexual partners exerted effects independently of age at first intercourse, whereas the reverse was not true. This finding fails to support suggestions that adolescence is a period when the cervix is most vulnerable to the effects of sexual behaviour. Other factors relating to risk of cervical abnormalities were smoking and use of oral contraceptives. It was not possible to show that these relationships were incidental, but further investigation is required to establish whether they are causal.
THE EPIDEMIOLOGY of cervical cancer has been studied extensively, but less is known about the presumed precursors of the disease, cervical dysplasia and carcinoma in situ. If these lesions are part of a single continuum, the risk factors identified for cervical dysplasia and carcinoma in situ would be expected to be similar to those identified for invasive cervical cancer. The latter indicate the importance of sexual behaviour, and include early age at first sexual intercourse, multiple sexual partners, early marriage, multiple marriages and early age at first pregnancy (Wynder et al., 1954; Boyd & Doll, 1964; Stewart et al., 1966; Rotkin, 1967;  Kessler, 1976; Singer, 1975) .
Few studies have examined the relationship of such factors to non-invasive lesions. Several have found that patients with abnormal cervical smears were similar to women with invasive cancer in 26 respect of marital status and husbands' occupation (Samson et al., 1971; Wakefield et al., 1973) . Wright et al. (1978) reported that age at first marriage, age at first pregnancy, age at first coitus and number of sexual partners affected the risk of cervical neoplasia, but they did not have sufficient data to examine separately the risk factors for dysplasia, carcinoma in situ and invasive cancer. Meisels et al. (1977) found that women with cervical dysplasia resembled those with carcinoma in situ and invasive carcinoma in respect of age at first coitus. The study of Thomas (1973) however found that carcinoma in situ and severe dysplasia appeared to be epidemiologically similar to invasive carcinoma, whereas women with mild dysplasia appeared to be similar to controls.
The present investigation was undertaken to obtain further information about the role of established cervical-cancer risk factors in the aetiology of carcinoma in situ and cervical dysplasia, using detailed information on patterns of sexual behaviour and uniform definitions of disease.
METHODS
The investigation used the case-control approach. Women were ascertained who had had abnormal cervical smears and had undergone cervical punch biopsy or surgical conization at two Oxford hospitals from October 1974 to June 1979. These two hospitals, the John Radcliffe and the Churchill, provide the major source (at least 80%) of inpatient care in Oxfordshire for gynaecological problems. Those women who were diagnosed as not having invasive cancer constituted the study series. A con trol series was obtained from women who attended gynaecological clinics at the John Radcliffe Hospital or who received inpatient or outpatient gynaecological care at the Churchill Hospital during a similar period to the cases. In addition, a small number of controls were women receiving an initial cervical smear at the Abingdon Health Centre. Women who had had a hysterectomy were excluded from the control series as it was considered desirable that the control subjects should have been at risk of developing the conditions studied. All patients with a history of cancer or severe mental illness were also excluded from both the case and the control series. The reasons women in the control group attended hospital are shown in Table I (Fleiss, 1973) .
Estimates of relative risk, after adjustment for potentially confounding variables, were derived by the procedure of Mantel & Haenszel (1959) . For dichotomous factors, 9500 confidence intervals (CI) around the odds ratio were calculated (Miettinen, 1976) . When a factor could be classified into more than 2 categories, the significance of the linear trend of the odds ratios was assessed using the test given by Mantel (1963) . The measure of trend is a chi statistic, with positive or negative values, indicating the direction of the trend. When this is less than -1-96 or more than 1-96, the measure is statistically significant at the 0-05 level.
In addition, adjustment for potentially confounding factors was carried out using a multivariate logistic model, with disease as the dependent variable and various dichotomous or continuous factors as independent variables. Analyses were made to assess the influence of a variety of independent variables (Anderson, 1972) . The influence of different factors on the relative risk ofdisease was evaluated by both step-down and step-up techniques.
RESULTS
The age distribution and the mean ages of cases and controls are shown in Table II . Most women were under 40 years. Those with normal histology were, on average, somewhat older than the controls, whereas those with dysplasia or carcinoma in situ tended to be younger. Because of these differences, the influence of other risk factors was examined after adjustment for the effects of age-unless other variables were found with stronger confounding effects. 16-79 (17) 7.32*** Carcinoma in situ (65) 1-00 (13) 1-11 (10) 3-41 (31) 1-69 (11) -2-55* 1-00 (13) 5-21 (17) 7-92 (25) 14-20 (10) 5-93*** t Adjusted for age ( < 30, 30-39, 40+ ).
+ The numbers of women in each group are shown in parentheses.
*P < 0.05; **P < 0-01; ***P < 0-001.
relative risk amnong womeen who first had intercourse before 17 years of age, compared to those starting at 21 or older was about 2-3 for risk of mild dysplasia, severe dysplasia and carcinoma in situ. Among the women with normal histology, risk appeared to be greater among those who started intercourse before 20, but the trend was not statistically significant. The risk of cervical abnormality was also found to increase with the number of sexual partners. Table III shows highly significant trends (P<0.001) for the two categories of dysplasia as well as for carcinoma in situ. In addition, a statistically significant trend was seen among the women with normal histology. In all four histological groups, the risk was higher among women who reported 2 partners than among those reporting only 1, and higher still for women reporting 3 or more. The relative risks associated with having 6 or more partners (compared to one partner) were 10-7, 16 8, and 14 2 for mild dysplasia, severe dysplasia and carcinoma in situ respectively. The total number of sexual partners was divided into regular partners (defined as men with whom there was an association lasting more than 3 months) and non-regular partners. No distinctive patterns in risk were found when the proportions of total partners who were regular were examined for each level of total number of partners.
Age at first intercourse and number of partners are inversely correlated, and to separate the effects of these factors on risk, the factors were cross-tabulated and risk was examined at different levels of the one factor for each level of the other. In order to obtain sufficient numbers for this analysis, women with dysplasia and carcinoma in situ were combined and compared with the control subjects. Relative risks were calculated comparing women with different combinations of factors with women who reported one or no partners and first intercourse at 21 or later. A relationship with number of partners persisted in every category of age at first intercourse (Table IJT) . The reverse, however, was not true, as there appeared to be no clear relationship of risk to age at first intercourse, when the number of sexual partners was taken into account.
For each regular partner, information was obtained abouit the duration of the relationship and the frequency of intercouirse with that partner during the first vear and thereafter. These data were used to estimate the total number of occasions of intercouirse. This analysis revealed no relationship between the frequency of intercourse and the risk of any of the cervical conditions. This was true even when the analysis was limited to wvomen who reported less than two non-regular partners, or when the data were adjusted for the effect of the total number of partners (Table A) .
The risk of cervical abnormality was fuirther examined according to a number 27-7 2-09 (0-9-4 6) t Adjusted for number of sexual partners (0-1, 2, 3-5, 6 + ). ship between social class and risk of cervical abnormality. Cigarette smoking, however, was quite strongly associated with risk. Statistically significant (P<0-01) linear trends were obtained with the number of cigarettes currently smoked per day for both categories of dysplasia and for carcinoma in situ. Women smoking 20 or more cigarettes had 3-4 times the risk of non-smokers. To determine whether these associations were an artefact due to inadequate adjustment for age (which related strongly to the amount smoked) we made additional analyses controlling for age in 5-year groupings. The associations persisted after finer adjustment for age, and also after adjustment for number of sexual partners. Alcohol consumption, on the other hand, did not generally appear to be related to risk of cervical abnormality. The notable exception was severe dysplasia, where a significant linear trend was observed with increasing frequency of consumption. However, the trend did not remain significant after adjustment for number of sexual partners (measure of linear trend reduced from 2.1 to 1.1).
Further analyses considered the influence of different methods of contraception on the risk of cervical abnormality (Table  IX) . Statistically significant (P < 0.05) linear relationships were seen for length of use of oral contraceptives and risk of severe dysplasia and carcinoma in situ. A positive association was also found among women with normal histology. These associations remained significant after adjustment for number of sexual partners. In contrast to the findings for oral contraceptives, risk of cervical abnormality decreased with increasing years of use of barrier methods of contraception (diaphragm or sheath) but was statistically significant only among women with severe dysplasia. This trend was observed when years of use of the sheath and years of use of the cap were analysed separately and also when the data were adjusted for effects of sexual partners. There appeared to be no relationship of years of use of the intrauterine device to risk of cervical abnormality; however, only 4.0% of the women reported its use for 5 or more years.
Since the analyses so far described suggested that risk factors were broadly similar for cervical dysplasia and carcinoma in situ, these groups were combined for analysis of the independence of risk factors. This allowed more stable risk estimates to be derived and enabled the possible influence of a larger number of variables to be considered in the multivariate analyses. (81) 1-00 (15) 168 (27) 3 61 (31) 4.04 (8) 3.75*** The strongest risk factor foi cervical abnormalities was multiple sexual partners, with women reporting 6 or more sexuial partners having a risk 6 1 times higher than those with only one partner. Other risk factors that emerged from this analysis were cigarette smoking (smokers had twice the risk of non-smokers) and pregnancy outside marriage (relative risk:
1.7). The use of oral contraceptives also remained a risk factor, the risk being highest among women who had used them for 10 years or longer. women with invasive cancer were inter-(P < 00() 1) viewed who were of a similar age to women with other cervical abnormalities. On the basis of the distributions of age at first intercourse and number of sexutal partners x' = 5;ss for women of different ages among those I= 0017) with non-invasive abnormalities, we predicted that of the 27 women with x.2= 15-81 invasive cancer would have had inter-(=0o001) course before 18 years of age and 12-5 would have had 3 or more sexual partners. In fact, the numbers were 7 and 13 respectively. x3= 14 09 In addition to finding similarities in risk '(04)0) factors for invasive and non-invasive cervical abnormalities, we also found that risk factors were similar for mild dysplasia, severe dysplasia and carcinoma in ,arithm of the situ. Our results support the findings of itic mo(tel.
others (Meisels et al., 1977; Wright et al., leato tce fto 1 978) and contrast with those of Thomas ariables have (1973) . Thomas (Meisels et al., 1977; Peritz et al., 1977) . Although the results of these studies have been questioned (Thomas, 1978) (Editorial, 1975) (Rotkin & several risk factors. The possibility of a direct association must therefore be considered. One problem in interpretation is the appropriateness of the group to which pill users are compared. Initially we thought that our findings might have been due to inclusion of diaphragm users in the control group, since use of the diaphragm may protect against cervical abnormalities, including cancer (Boyd & Doll, 1964; Boyce et al., 1977; Wright, et al., 1978) . However, users of oral contraceptives still had higher risks than women who had not used barrier methods of contraception. The latter group included women who had never used any form of contraception, and they might be unrepresentative. We therefore conducted a further analysis in which users of the pill were compared with users of other non-barrier methods. There was still a high relative risk (2-6) associated with long-term use of the pill, although the numbers in this analysis were small (9 women with cervical abnormalities, 26 control women). The fact that pill associations were significant even among the women with normal histology might indicate a tendency for long-term users of the pill to be referred by their physicians for a cervical smear. This finding made us consider whether the pill associations were due to problems in the appropriateness of the control group. However, the pill associations remained even when women with mnenstrual disorders, who showed a slightly lower rate of pill use, were excluded from the control series. The difficulties in evaluating pill associations are compounded by the fact that oral contraceptives may cause eversion of the endocervix, making abnormalities easier to detect (Editorial, 1977) . In addition, the decision to use oral contraceptives may be made more often by women with preexisting dysplasia (Stern & Coffelt, 1970; Ory et al., 1976) . The question whether the pill is causally related to cervical neoplasia must await further research.
The fact that smoking persisted as a strong risk factor after adjustment for several other risk factors was surprising, because we expected that any association with smoking would be indirect, reflecting the influence of correlated sexual characteristics. Thomas (1973) and Wright et al. (1978) also found smoking to remain as a risk factor for carcinoma in situ and other cervical neoplasms after adjustment for several established risk factors. Although a causal relationship seems biologically implausible, and we did not find that risk among smokers increased with the number of cigarettes smoked (Table X) the association possibly deserves further investigation. Future studies should evaluate whether smoking associations are influenced by vitamin A (or / carotene) intake, suggested since recent research has shown a protective effect of these dietary factors for several tumours of squamous cell type.
In summary, our findings suggest that sexual factors appear to be important in the aetiology of non-invasive cervical abnormalities. Whether lesions such as cervical dysplasia and carcinoma in situ are true precursors of invasive cervical carcinoma can be demonstrated only in cohort studies. The similarities in risk factors, however, support this hypothesis. In addition to sexual factors, this study has identified two other factors that may be associated with the risk of cervical abnormalities: use of oral contraceptives and smoking. We were unable to show that these associations were incidental, and they deserve further study. 
